An Educational Intervention Reduces the Rate of Inappropriate Echocardiograms on an Inpatient Medical Service
O B J E C T I V E S This study sought to prospectively study the impact of an appropriate use criteria (AUC)-based educational intervention on transthoracic echocardiography (TTE) ordering among house staff on the inpatient general internal medicine service at an academic medical center.
B A C K G R O U N D AUC for TTE were developed in response to concerns about inappropriate use of TTE. To date, educational interventions based on the AUC to reduce inappropriate use of TTE have not been prospectively studied.
M E T H O D S
A prospective, time series analysis of an educational intervention was conducted and then compared with TTE ordering on the same medical service during a control period. The intervention consisted of: 1) a lecture to house staff on the 2011 AUC for TTE; 2) a pocket card that applied the AUC to common clinical scenarios; and 3) biweekly e-mail feedback regarding ordering behavior. TTE ordering was tracked over the intervention period on a daily basis and feedback reports were e-mailed at 2-week intervals. The primary outcome was the proportion of inappropriate and appropriate TTE ordered during the intervention period.
R E S U L T S
Of all TTEs ordered in the control and study periods, 99% and 98%, respectively, were classifiable using the 2011 AUC. During the study period, there was a 26% reduction in the number of TTE ordered per day compared with the number ordered during the control period (2.9 vs. 3.9 TTE, p Ͻ 0.001). During the study period, the proportion of inappropriate TTE was significantly lower (5% vs. 13%, p Ͻ 0.001) and the proportion of appropriate TTE was significantly higher (93% vs. 84%, p Ͻ 0.001).
C O N C L U S I O N S
A simple educational intervention produced a significant reduction in the proportion of inappropriate TTE and increased the proportion of appropriate TTE ordered on an inpatient academic medical service. This study provides a practical approach for using the AUC to reduce the number of inappropriate TTE. Further study in other practice environments is warranted. (J Am Coll Cardiol Img 2013;6:545-55) © 2013 by the American College of Cardiology Foundation T ransthoracic echocardiography (TTE) is an important tool in the diagnosis and management of cardiovascular disease. There are concerns regarding the usage and growth of TTE, and the attendant implications for increased healthcare costs (1) (2) (3) . Previous studies have found that the growth of TTE volume is estimated between 6% and 8% annually (2, 4) . Furthermore, whereas cardiologists interpret the majority of TTE, noncardiologists, particularly primary care and internal medicine physicians, order the majority of TTE (4) .
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In response to the growing demand and use of echocardiography, the American College of Cardiology Foundation, along with the American Society of Echocardiography and other subspecialty societies, developed appropriate use criteria (AUC) for TTE in 2007, and updated AUC were published in March 2011 (5, 6) . Adherence to AUC has become a quality improvement focus for echocardiography laboratories, and tracking and efforts to improve appropriateness is now required for accreditation (7) . In addition to accreditation bodies, appropriate use has become a focus of professional societies and healthcare payers, in an attempt to contain the increasing costs of health care (7) (8) (9) .
Prior retrospective studies have determined that the proportion of inappropriate TTE ranges from 10% to 15%, with variations seen in different practice settings (8,10 -14) . To our knowledge, there have been no studies to prospectively evaluate whether an AUC-guided educational intervention can reduce the proportion of inappropriate TTE. Therefore, we conducted a prospective time series analysis to evaluate an educational intervention aimed at reducing inappropriate TTE in a large academic general medical service.
M E T H O D S
Study environment. This interrupted time series analysis was conducted on the teaching general medicine service at the Massachusetts General Hospital, a 907 bed quaternary care academic medical center. The teaching medical service is composed of 5 medical teams. Each team consists of 1 to 2 hospitalist attending staff, 1 junior resident, 4 interns, and 1 to 2 Harvard medical students. Patients typically have a wide variety of medical conditions with a high degree of medical complexity and comorbidities. Medical decision making is shared by each of the team members, as rounds are conducted in a "team style," meaning every physician knows all of the patients. Diagnostic tests can be ordered by any physician team member, although they are typically ordered by an intern.
Each rotation on the medical service is 2 weeks long, and residents usually complete 2 consecutive rotations to comprise a 1-month-long rotation. Attending physicians typically spend 2 weeks on the service at a time.
The study protocol was reviewed and approved by the Partners Healthcare Institutional Review Board. All medical house officers provided verbal consent prior to study initiation. Educational intervention. From February 23, 2012, to June 24, 2012 (the intervention period), all medical house staff were given the following multifaceted educational intervention on TTE appropriateness: 1) a lecture at the beginning of the study period and the beginning of every rotation that described the AUC for echocardiography and highlighted the common clinical scenarios for which inpatient TTE are ordered; 2) a laminated pocket card providing tips on appropriate ordering of TTE (Fig. 1) ; and 3) a pre-intervention questionnaire on knowledge of the AUC and attitudes toward appropriate ordering and a post-intervention questionnaire to test understanding of the AUC. TTE ordering was tracked over the intervention period on a daily basis, and a feedback report was e-mailed to the teams at 2-week intervals. This feedback report contained the number of TTE ordered during the prior 2-week period and how many of those were classified as appropriate, inappropriate, or uncertain based on the 2011 AUC. Descriptions of all inappropriate TTE and the rationales for the inappropriate classifications were provided. Overall, the estimated time to design and implement the educational intervention was 18 h, or 1 h per week on average. Data collection. TTE ordering information was determined from a review of the electronic medical record (EMR). Signs and symptoms and the reason(s) for the TTE were abstracted from both the EMR and TTE order, as has been described previously (12) . Inpatient TTE are ordered electronically. The inpatient ordering system contains an electronic prompt regarding the date of a patient's most recent TTE; otherwise, there is no decision support tool. The EMR is a comprehensive database that includes physician notes, imaging results, and laboratory findings, and it captures the entirety of clinical activity at the hospital. The EMR contains TTE reports from all hospitals within the healthcare network, and, typically, outside written TTE reports are scanned into the system.
Patient demographics and comorbidities were determined through review of the EMR and were classified according to the International Classification of Diseases-Ninth Revision codes.
Transthoracic echocardiogram classification.
Two study investigators (R.S.B., R.B.W.) independently reviewed all TTE ordering information and classified each TTE as appropriate, inappropriate, or uncertain according to the 2011 AUC for TTE (6) . If the reason for a TTE did not have a corresponding indication in the 2011 AUC, it was considered unclassifiable. If agreement on TTE classification was not achieved, then a third study investigator (M.H.P.) would review the order to achieve consensus; however, this was not required in this study. Outside TTE reports were taken into consideration when classifying Massachusetts General Hospital's TTE if the outside studies were complete and contained sufficient information to answer the clinical question. Data collection, classification of TTE, and feedback to house staff during the intervention period required approximately 25 h (1.4 h/week). Orders for stress echocardiograms and transesophageal echocardiograms were excluded from this study. Unlike TTEs, all inpatient stress echocardiograms and transesophageal echocardiograms are screened by an echocardiography fellow, which we felt could introduce a bias into our study. Assessment for potential underutilization of TTE. To assess for the unintended consequence of underuse of appropriate TTE during the intervention period, we evaluated TTE ordering in 50 randomly selected patients from the control and intervention groups who were hospitalized with a primary diagnosis of heart failure (HF) (International Classification of Diseases-Ninth Revision code #428). Through review of the EMR, we determined whether the patient had a TTE performed during the admission, and if one was conducted, what the appropriateness rating of that TTE was. If the patient did not have a TTE, we assessed what the appropriateness rating would have been if a TTE had been performed. Methodology for determining appropriateness in patients who did not actually undergo TTE has been previously published (11). • Transient fever with no bacteremia or new murmur.
• Transient bacteremia from a documented nonendovascular source of infection (i.e., urinary tract infection, skin abscess, etc.).
-Appropriate TTE:
• Fever and a positive blood culture or new murmur
• Reason for TTE: Follow-up of known endocarditis -Inappropriate TTE:
• Routine surveillance of a vegetation when patient management will not change.
• Patient at high risk of developing a complication (i.e., abscess) or whose clinical status changes (i.e., heart failure, heart block).
Lightheadedness
• Reason for TTE: Rule out cardiac cause of lightheadedness or syncope -Inappropriate TTE:
• Patient did not have actual syncope (i.e., loss of consciousness) and has no other symptoms or signs of cardiac disease.
-Appropriate TTE:
• Patient with actual syncope, or with clinical symptoms and signs suggestive of a cardiac cause of lightheadedness (i.e., murmur of aortic stenosis or hypertrophic cardiomyopathy, or signs/symptoms of heart failure).
Appropriate Use Criteria for Echocardiography
Tips for ordering TTEs* -prior TTE that did not reveal valvular disease -known trace regurgitation, mild stenosis/regurgitation with a TTE < 3 years ago or moderate/severe stenosis/regurgitation with a TTE < 1 year ago.
• No other symptoms or signs of valvular disease on exam (i.e., flow murmur) -Appropriate TTE:
• Reasonable suspicion of valvular disease on exam (i.e., diastolic murmur, murmur 3/6, other finding on exam).
• Known valvular disease with a change in clinical status (i.e., HF, syncope) or cardiac exam.
• No change in cardiac exam or clinical status with known mild stenosis/regurgitation with a TTE 3 years ago or moderate/severe stenosis/regurgitation with a TTE 1 year ago.
Heart Failure
• Reason for TTE: Heart Failure (HF) -Inappropriate TTE:
• Known HF with decompensation due to a clear precipitant (i.e., dietary or medication noncompliance).
• Routine surveillance of LV function in a patient who had a TTE 1 year ago.
-Appropriate TTE:
• Initial evaluation of HF based on signs, symptoms or abnormal tests results.
• Known HF with decompensation without a clear precipitant.
• To guide therapy (i.e., candidacy for ICD, etc.). Table 2 ). The total number of TTE per 2-week rotation is shown in Figure 2A . Appropriateness classifications of TTE are shown in Table 2 . The vast majority of TTE in the pre-intervention and intervention periods were classifiable by the 2011 AUC. The percentage of inappropriate TTE decreased by 62% when the pre-intervention period was compared with the intervention period (13% vs. 5%, p Ͻ 0.001). As a corollary, the percentage of appropriate TTE increased (84% vs. 93%, p Ͻ 0.001). The number of inappropriate TTE and the rate of inappropriate and appropriate TTE per 2-week rotation block are displayed in Figures 2B to 2D . Most common clinical indications for TTE. The most common appropriate, inappropriate, and uncertain indications for TTE are detailed in Table 3 . Common appropriate indications included assessment of symptoms of conditions potentially related to suspected cardiac etiology (indication #1) or when there was prior testing concerning for heart disease or structural abnormality (indication #2). These 2 indications were among the most common in both Values are n, %, or mean (25th, 75th percentile). CABG ϭ coronary artery bypass graft; COPD ϭ chronic obstructive pulmonary disease; MI ϭ myocardial infarction; PCI ϭ percutaneous coronary intervention. Values are n or n (%). TTE ϭ transthoracic echocardiography.
the pre-intervention and educational intervention periods. Assessment of patients with sustained or nonsustained atrial fibrillation, supraventricular tachycardia, or ventricular tachycardia (indication #5) was the second and fourth most common indication in the pre-intervention and intervention periods, respectively. Other common appropriate indications during both time periods were initial evaluation of suspected endocarditis with positive blood cultures or new murmur (indication #52), evaluation of syncope when there are no other symptoms or signs of cardiovascular disease (indication #9), the initial evaluation of known or suspected heart failure (indication #70), or the re-evaluation of known heart failure with a clinical change without a clear precipitating change in medication or diet (indication #71).
The most common inappropriate indications in the pre-intervention period were transient fever without evidence of bacteremia or new murmur (indication #53) and transient bacteremia with a pathogen not typically associated with infective endocarditis and/or a documented nonendovascular source of infection (indication #54). Other common inappropriate TTE in the pre-intervention period included lightheadedness/pre-syncope with no other symptoms or signs of cardiovascular disease (indication #8), routine surveillance of left ventricular (LV) function in patients with known coronary disease (indication #11), evaluation of LV function in patients with prior ventricular function evaluation showing normal function and no clinical change (indication #12), and establishing diagnosis of pulmonary embolism (indication #28). The overall number of inappropriate TTE was low during the educational intervention, with the most common inappropriate indication being transient fever without evidence of bacteremia or no murmur (indication #53).
When the inappropriate indications for TTE to evaluate for infective endocarditis (indications #53, #54, and #56) were pooled, there were significantly fewer of these inappropriate TTE in the educational intervention period than in the pre-intervention period (7% vs. 3%, p ϭ 0.002). Furthermore, when the inappropriate indications regarding routine LV assessment were pooled (indications #10, #11, #12, #13) there were sig- nificantly less of these inappropriate TTE during the educational intervention (2.2% vs. 0.5%, p ϭ 0.05).
Knowledge and attitudes of medical house officers.
Over the course of the educational intervention, 61 different interns rotated through the medical service for at least 2 weeks. In total, 49 interns (80%) completed pre-and post-intervention questionnaires, which included a 4-question, case-based knowledge assessment of TTE appropriateness based on the AUC and also questions regarding attitudes toward ordering of diagnostic testing. Overall, 47 of 49 interns (96%) felt physicians ordered too many tests, and all 49 interns said appropriate ordering is either "very important" or "somewhat important." However, at pre-intervention assessment, 65% of interns were aware of the existence of AUC and only 45% thought about costs of tests they order "all" or "most" of the time. Interns' knowledge of the AUC and appropriateness improved over the course of the educational intervention, as the initial percentage of correct responses on the case-based assessment was 74.5% and the post-intervention correct response rate was 83.5% (p ϭ 0.02). Assessment of TTE use in HF patients. Results of a retrospective EMR review of HF patients admitted in both the pre-intervention and educational inter- (#54) 24 ( Values are n (%). CAD ϭ coronary artery disease; CMR ϭ cardiac magnetic resonance; CT ϭ computed tomography; HF ϭ heart failure; LV ϭ left ventricular; MPI ϭ myocardial perfusion imaging; SPECT ϭ single-photon emission computed tomography; SVT ϭ supraventricular tachycardia; VT ϭ ventricular tachycardia.
vention periods are found in Table 4 . The rate of ordering TTE on HF patients was similar in the pre-intervention and intervention periods (54% vs. 52%, p ϭ 0.84). There was no difference in the rate of appropriate TTE in HF patients between preintervention and intervention (93% vs. 96%, p ϭ 0.58). Additionally, in HF patients that did not have a TTE during hospital admission, it would have been appropriate to perform a TTE in 74% of pre-intervention cases and 54% of the intervention cases (p ϭ 0.16).
D I S C U S S I O N
This study describes the impact of an AUC-based educational intervention on the ordering of inpatient transthoracic echocardiograms by medical house officers at an academic medical center. The educational intervention significantly reduced the rate of inappropriate TTE, increased the rate of appropriate TTE, and also resulted in a reduction in the overall number of TTE. Specifically, this intervention produced a 62% reduction in the rate of inappropriate TTE, and the total number of TTE ordered per day fell by 26% and the rate of appropriate TTE increased by 11%. The medical house staff participating in this study demonstrated greater knowledge of the AUC on self-assessment after the educational intervention. Additionally, analysis of ordering of TTE for a subset of patients diagnosed with HF was similar in the preintervention and intervention periods, suggesting that appropriate TTE was not underused during the intervention period. To our knowledge, this study is the first to document that an AUC-based educational intervention can reduce the rate of inappropriate TTE.
The growth of cardiac imaging, including echocardiography, has led to efforts by the American College of Cardiology and other subspecialty organizations to create AUC. The goal of AUC is to allow physicians to continue the privilege of selfregulation by identifying clinical situations in which it is appropriate (and inappropriate) to pursue diagnostic testing or therapeutic interventions (15) . For TTE, numerous retrospective "implementation" studies have evaluated practice patterns and identified an inappropriate rate of TTE of around 15% in the inpatient setting (11) (12) (13) 16) . Though the aim of the AUC is not to have an inappropriate rate of 0%, the data from the implementation studies indicate that there is room for practice improvement. Our study, the first AUC-based educational intervention study for TTE, shows that physician behavior can change and result in a reduction in the rate of inappropriate TTE and increase in the rate of appropriate TTE.
In addition to improving TTE ordering practices, our study provides valuable lessons to guide future efforts at improving the appropriate use of any diagnostic imaging modality, not just TTE. First, our study highlights the importance of identifying local practice patterns when designing and conducting an "appropriateness intervention." The 2011 AUC for TTE contains 98 clinical indications (excluding transesophageal echocardiography and stress echocardiography); however, analysis of our pre-intervention period found that a select few indications are responsible for the majority of inappropriate studies. This same phenomenon has been shown in previous implementation studies (10,16 -18) . In the current study, 56% of all inappropriate TTE were for evaluation of low pre-test probability endocarditis or routine follow-up of known endocarditis, 11% for cases of pre-syncope with no other cardiac signs or symptoms, and 13% for routine surveillance of LV function. Thus, 80% of all inappropriate TTE in our control pre-intervention period were related to 3 main clinical situations. With this knowledge in hand, our educational intervention was designed to focus on these scenarios in order to target the educational lecture and supportive material (Fig. 1) to the highest yield areas. Thus, determination of common reasons for inappropriate tests in a given practice environment is an important prerequisite to the effective design of an intervention program.
Another important aspect of the educational intervention in our study was providing feedback to the medical house officers regarding their TTE ordering. Feedback to providers has been shown to be effective in reducing inappropriate ordering of laboratory and other radiology tests (19 -21) , but to date has not been studied in the context of an AUC-based educational intervention for echocardiography. A prior study has also shown that increasing the frequency of feedback and attaching educational messages to that feedback may enhance its effectiveness (20) . Given the relatively high volume of TTE ordering on the inpatient medical service, we provided feedback on a biweekly basis, and this included specific details regarding the inappropriate TTE. The feedback may have enhanced the effectiveness of the intervention by reinforcing concepts that were taught in the initial lecture and addressed in the educational pocket cards. Additionally, pro-viding feedback at 2-week intervals gave the house staff the opportunity to further refine their ordering practices for the remainder of that month. The biweekly feedback reports were e-mailed to the medical teams, and rarely we received responses further clarifying reasons and decision making for ordering TTE that were classified as inappropriate. These reasons varied from requests from specialty physicians, patient requests, requests from outside physicians, and clinical judgment. Although we did not include specialty consultant services in our educational intervention, this may be an area for future study.
Our study evaluated overall appropriateness rates of TTE ordering. Whereas some health-care payers, such as insurance companies, are using radiology benefits managers to screen individual TTE requests, and in certain cases refusing authorization for that study, our approach focuses on improving the global rate of appropriate ordering. To date, we are not aware of any studies that demonstrate that radiology benefits managers reduce the rate of inappropriate TTE, and there is evidence to suggest that there is limited agreement between radiology benefits manager pre-authorization and AUC rating (14) . Another proposed strategy to improve ordering is physician pre-screening, which has been shown to reduce inappropriate stress echocardiograms (22) and may account for higher appropriate rates of transesophageal echocardiography (23) . However, given the high volume of TTE, this is likely not practical for this modality. Future studies comparing strategies to reduce inappropriate use are required before an approach is widely adopted.
There are distinct implications of our findings with regard to health policy. A recent Institute of Medicine report found that 30% of healthcare spending in 2009 -approximately $750 billionwas wasted, with $250 billion of that spent on unnecessary medical services (24) . Furthermore, the American Board of Internal Medicine, along with numerous professional societies, created the "Choosing Wisely" campaign to bring public attention to potentially medically unnecessary procedures and help physicians be better stewards of finite healthcare resources (25) . Therefore, the results of our study should be of interest to a wide spectrum of parties, including payers (government and insurance companies), policymakers, physicians, and patients. All of those with the goal to reduce unnecessary healthcare expenditures are eager to identify methods to do so, and our study provides a realworld example of such a method. Additionally, our subanalysis of HF patients helps address the concern that the reduced volume of TTE may result in failure to perform appropriate studies needed for patients. This was not the case in this exploratory analysis. Further investigation of the cost-effectiveness of our approach and the impact on healthcare savings will be required.
It is also important to recognize that parallel efforts are underway for other forms of cardiac imaging. A recent study by Gibbons et al. (26) found that a quality improvement project that used the AUC did not reduce the proportion of inappropriate stress single-photon emission computed tomography imaging. However, that study may have been limited by sample size and the lack of personalized, real-time feedback to ordering clinicians. Recently, a statewide continuous quality initiative funded by a large insurance company improved appropriate ordering of cardiac computed tomography and produced a decrease in inappropriate computed tomographies (27) . Importantly, whereas that study provided evidence of a jurisdictional system of improving appropriateness, our study, aimed at health providers, provides a model for individual hospitals or practices to improve appropriate ordering.
We believe that the educational intervention performed in our study could be implemented and evaluated in other practice environments (i.e., outpatient practices) and for other types of cardiac testing. Provided that there is an infrastructure to track appropriateness of cardiac testing (both before implementation to focus the intervention and during the assessment period), this type of relatively straightforward intervention could have a significant impact on use of cardiac testing while preserving the privilege of physician self-regulation. Use of computerized programs to automate the determination of appropriateness ratings, which have been recently tested (28) , would reduce the manual work required. Ultimately, educational information regarding appropriateness of all cardiology and radiology testing, not just echocardiography, may be available through point-of-care decision aids embedded in electronic ordering systems. Incorporating regular feedback reports could enhance the success of such programs. Study limitations. Given the nature of the teambased system for medical residents and the potential for cross talk between teams, a randomized controlled trial was not feasible in this practice environment. The study was aimed primarily at medical residents, and it is unknown if this educational intervention would be successful among attending staff physicians, who may have more ingrained practice patterns and may be more resistant to change. Finally, this study was conducted at an academic medical center and so further study is required to determine if this intervention would be successful in private practices and community hospitals, where some clinicians may have financial incentives to order TTE.
C O N C L U S I O N S
This prospective study using a simple educational and feedback intervention based on the 2011 AUC for echocardiography reduced the rate of inappropriate TTE on an academic inpatient medical service. The rate of appropriate TTE also increased, and the total volume of TTE decreased. This study provides a practical approach of adapting the AUC to local practice patterns in an effort to improve use of medical resources and to reduce the number of unnecessary cardiac imaging tests. 
